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WHAT DOES 


Relation Between Excess Air and CO, 
From ‘* Principles of Combustion in the Steam Boiler Furnace’ by A. D. Pratt 
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HE percentage of CO, for the same amount of excess air 
varies according to the analysis of the fuel. 
Bailey Water Cooled Furnaces have been installed for all 
the fuels shown in the chart above, and enable MINIMUM 
EXCESS AIR to be maintained over a very wide range of 


load. 
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ENSURES EASY STARTING OF 
MOTOR AGAINST FULL LOAD 
WITH MINIMUM CURRENT 


For starting up all classes of machines 
with large inertia to overcome 
a Broadbent Clutch is often absolutely 
necessary 


Let us send a copy of our Catalogue 


THOMAS BROADBENT & SONS LTD. 
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Only half the weight 
of aluminium, yet 


Hough and easily 
Samachined, “Paxolin” 
itself to a mul- 
Saude of mechanical 


as electrical 
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STERLING INDUSTRIAL PAINTS 


Suitable for use on 
Transformers 
Switchgear 
Kiosks, etc. 


We should like to draw your attention to 


the STERLING THREE-COAT PROCESS which 
is suitable for outside gear of all types. 


Please write for descriptive leaflet. 


STERLING INSULATING VARNISHES— 


Supreme since 1891. 


THE STERLING VARNISH COMPANY, LIMITED, 
Fraser Road, Trafford Park, 


Manchester 17. 


Telephone: TRAfford Park 2231. 
Telegrams : ‘‘ Dielectric’ Manchester. 


Photograph by courtesy of the English Electric Co. Ltd. and the Yorkshire Electric 
Power Co. 
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LIGHTING and OUTPUT 


24 HOURS A DAY, 7 DAYS 
A WEEK, SHIFT AFTER SHIFT 
VIE WITH EACH OTHER 
IN INCREASING OUTPUT 
OF ESSENTIAL MATERIAL 


FOR THIS 
INTENSIVE EFFORT 


GOOD LIGHTING 


IS MORE THAN EVER ESSENTIAL 
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EDITORIAL. 


In the first article in this issue Mr. A. C. 
Hirst gives a brief survey of the various 
applications of steam in steelworks. The 
Author reviews the different types of 
turbines which are available for improving 
the efficiency of a steelworks plant. 


Reference is made to the improvements 
which can be effected in the efficiency of 
existing plant of an earlier type, for 
example by exhausting the steam from 
reciprocating steam blowing engines and 
rolling mill drives into mixed-pressure 
condensing turbines driving generators for 
auxiliary power requirements. 


The Company manufactures a compre- 
hensive range of straight condensing, pass- 
out, back-pressure and mixed-pressure 
turbines, suitable for any of the various 
requirements of steelworks practice. The 
article continues with a review of some of 
the special constructional features incor- 


— 


39 


porated in “‘ English Electric ” turbines of 
the aforementioned types, and is accom- 
panied by a number of interesting photo- 
graphs of turbine components, test plant 
at the Company’s works, and_turbo- 
alternator installations at various steel- 
works. 


The next article by Mr. R. M. Charley, 
describes and illustrates some large trans- 
portable transformers which the Company 
has supplied to the Central Electricity 
Board for emergency use. The units are 
entirely self-contained including the cooling 
arrangements, which incorporate forced oil 
circulation and air-blast on the radiators. 
The units are ready for immediate service. 


** Arc Suppression Coils,” by Mr. W. E. 
M. Ayres, is the title of the third article. 
This method of earthing the neutral of a 
high-tension system is finding ever in- 
creasing use in both this Country and 
America, where solid earthing was formerly 
almost universal. The Author reviews the 
fundamental theory of the arc suppression 
coil and follows with an outline of the 
equipments required for varying circum- 
stances. In a further section he discusses 
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the arc extinction properties of these coils 
and confirms theory by  cathode-ray 
oscillograph records of tests on site. The 
Company specialises in Arc suppression 
coils and it is noteworthy that they supplied 
the first two equipments installed on the 
33 kV. system of the C.E.B. 


In the concluding article of this issue, 
Mr. C. D. Jamieson describes some of the 
recent developments carried out by the 
Company in the application of woven- 
glass insulation to electrical windings. It 
is pointed out that the dielectric strength 
of woven-glass material depends entirely 
on the varnish which is employed to fill 
the air spaces which exist between the weft 
and warp threads, and that the Company 
has developed a synthetic varnish which 
will withstand temperatures considerably 
in excess of those attained by electrical 
machines under service conditions. The 


higher dielectric and tensile strengths of 
woven-glass tape make it possible to 
substitute 5 mils. woven-glass tape for 
10 mils. woven asbestos tape. Thus more 
active material can be employed in a given 
machine and the output increased without 
a corresponding increase in frame size. 
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Steam Turbine Practice in Steelworks 


By A. C. HIRST, B.Sc.(Eng.), A.M.I.Mech.E., A.M.I.E.E., M.Inst.Fuel, Turbine Department. 


The importance of the role played by steam 
throughout the various processes associated with 
the manufacture of steel is necessarily fully 
appreciated by all iron and steelworks engineers. 
Since this is also a subject of general engineering 
interest, a short survey of the various applications 
of steam in steelworks practice is given in the 
following, with particular reference to steam 
turbines for power generation and turbo-drives. 

The essential raw materials in the production 
of iron and steel are iron ore and coke, and by 
correctly conceived planning and operation, it is 
possible to achieve a thermally balanced plant, 
that is, one in which no further outside supplies 
of fuel are required for the processes involved in 
converting the iron from the blast furnaces into 
the finished rolled steel products. To arrive at 
this ideal condition, however, it is necessary for 
the steelworks to operate their own coke ovens 
and by-product plant as the gas obtained thereby 
forms an essential item in the thermal balance 
sheet. 

The principal applications of steam in steel- 
works plant are :— 

(1) Turbo-generating plant for supplying the 
power for rolling mill drives and the 
manifold auxiliary requirements such as 
pumps, gas cleaning plant and fans, air 
compressors, conveyors, hoists, etc., and 
possibly for electric furnaces for the pro- 
duction of special steels. 

Turbo-exhausters and boosters in the coking 
plant for the coke oven gas. 

Process steam in the coke oven by-product 
plant for heating benzol stills, ammonia 
stills, sulphate dryers, ete. 

Auxiliary requirements such as steam to 
blast furnaces, steam jets for descaling 


plates and sections in the rolling mills, 
heating of buildings, etc. 

In steelworks not operating their own coke 
oven plant and where, consequently, no 
supply of coke oven gas is available, the 
steel furnaces must be operated with 
producer gas and considerable quantities of 
steam are required by the gas producers. 
In most modern steelworks, steam turbine- 
driven turbo-blowers are used for supplying 
the blast to the blast furnaces. It is 
recognised that gas blowing engines are 
more efficient than turbo-blowing plant, 
but owing to the very high maintenance 
costs of large gas engine plant and to the 
necessity for a considerable amount of 
standby plant, turbo-blowers prove a 
sounder economic proposition and are now 
more generally installed, except where 
supplies of gas for some reason may be very 
limited, or where there is a hereditary 
preference for gas engines on the part of 
the responsible authorities. 

In addition to the foregoing requirements of a 
modern steelworks, a considerable number of 
reciprocating steam blowing engines and rolling 
mill drives are still to be found, many of which 
have been in operation since the beginning of the 
century. The replacement of these by more 
modern equipment would involve heavy capital 
expenditure and a long period of shut down, 
neither of which is easy to justify when sufficiently 
satisfactory results are still being obtained with 
the existing equipment. Plant efficiency has, 
therefore, been improved in many such cases by 
exhausting the low-pressure steam from these 
engines into suitable accumulators and thence 
into mixed-pressure condensing turbines driving 


(5) 
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generators for auxiliary power requirements. 
By this means, not only is the available energy 
in the steam more fully utilized, but the con- 
densate is recovered for boiler feed purposes. 
This in itself is an important consideration in 
view of the fact that it is almost invariably 
necessary to treat all boiler make-up water, and 
the consequent saving in chemicals and in the 
operating costs of the water softening plant may 
assume very large proportions. The only treat- 
ment required before returning the condensate to 
the boilers is the removal of the oil entrained with 
the exhaust steam from the reciprocating engines. 

The usual practice is to generate the steam for 
the various requirements in boilers designed for 
normal operation with blast furnace or coke oven 
gas, but fitted with grates to enable them to burn 
solid fuel such as coke breeze, of which con- 


siderable quantities may become available. 
Arrangements are also frequently made to 


enable fuel oil to be burnt under the boilers as an 
emergency standby. Where gas blowing engines 
are used, waste heat boilers are installed to 
utilize the heat in the’exhaust gases from the gas 
engines. Gas engines are still widely used for 
electric power generation and the heat in the 
exhaust gases from these is also recovered in 
waste heat boilers. 

Steam pressures seldom exceed 200-250 Ib./sq. 
in., except where comparatively large straight 
condensing turbines are used for power genera- 
tion. This avoids the necessity for excessive 
throttling for auxiliary requirements and at 
the same time does not call for special mater- 
ials or design in the boilers and turbines them- 
so that their inicial cost is lower, 
while the lower efficiency as compared with 
« higher pressure steam cycle is of minor 
importance owing to the ample supplies of 
cheap fuel available. Steam for gas producers 
is usually supplied from boilers generating at 
the required pressure, this also being suitable 
for the auxiliary requirements in the steel- 
works. 

The coking plant may be regarded as a 
separate unit as far as steam requirements 
are concerned and, as the process is continu- 
ous, it is possible to strike a balance between 


selves, 
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the high-pressure and low-pressure stuam quan- 
tities by suitable choice of conditions. Electric 
power for auxiliary drives is taken from the main 
works generating units. The main consumers of 
high-pressure steam are the coke-oven gas 
exhausters and boosters, these being driven by 
back-pressure turbines. Other smaller units 
generally steam driven, are air and gas com- 
pressors, and tar, liquor and wash oil circulating 
pumps. By correct selection of the steam con- 
ditions, the quantity of back-pressure steam 
available can be made sufficient to cover the pro- 
cess requirements, the back-pressure being suit- 
able for the crude benzol stills and ammonia stills, 
further throttling being necessary for the steam 
to the refined benzol stills. 

In all industrial installations where the amount 
of standby generating plant is usually limited, 
continuity of service is of the greatest im- 
portance. Having regard to the heavy load 
fluctuations frequently met with, particularly in 
steelworks, and to the occurrence of sustained 
overloads, this calls for complete reliability of 
the various components. This factor has been 
kept fully in view in the design of “ English 
Electric ” turbo plant and it may be of interest 
to review at this point some of the special con- 
structional features of the generally 
applicable to turbines of the straight condensing, 


design 


pass-out, back-pressure or mixed-pressure type, 
which ensure that they will be able to stand up 
to the very severe conditions of industrial service. 


Fig. 1.-Details of ** Built-up” Nozzle Construction. 
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Fig. 2. 


It is the standard practice of the Company to 
construct the high-pressure portions of all 
turbine casings of cast steel, the low-pressure 
portions and exhaust being of close-grained cast 
iron. Heavy load fluctuations result in rapid 
changes of temperature through the machine, 
which in turn cause rapid expansion or contrac- 
tion of the various parts of the casing. The two 
portions of the body are, therefore, bolted 
together and registered by means of radial keys 
to ensure retaining accurate alignment, while at 
the same time the general configuration of the 
casing is made cylindrical and the metal carefully 
distributed to enable the structure to withstand 
rapid changes in temperature and 
without distortion. 

The first stage nozzle plates of 
all English Electric impulse 
turbines are of steel of the built- 
up type as shown in Fig. 1. As 
already pointed out high steam 


pressure 


pressures and temperatures are 
not frequently met with in steel- 
works practice. Where they are 
employed, the  dia- 
phragms subject to high press- 
ures and temperatures are also 
of steel and of the built-up type 
illustrated in Fig. 2. This en- 
sures accurately machined and 
finished steam passages in the 
region where the volume of steam 


however, 


Completed half of Built-up Diaphragm, inlet side. 
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is relatively small and the efficiency Jot flow 
consequently sensitive to the accuracy of the 
steam passage. The lower pressure dia- 
phragms are of a special cast iron with cast- 
plates to form the nozzle 
All diaphragms are of symmetrical 


in nickel-steel 
passages. 
design in order to avoid any possibility of 
distortion under varying temperature 
ditions. 

Rigidity of the rotor is ensured by machin- 
ing the wheels out of the solid forging where 
the ratio of wheel diameter to shaft diameter 
At the low-pressure end of larger 
machines where long blades and large diameter 


con- 


permits. 


wheels may be necessary, separate steel discs 
are pressed on to the shaft. 

To ensure maximum strength and rigidity in 
the blading, this is machined from the solid as 
shown in Fig. 3, the root and distance piece being 
integral with the blade itself. The material used 
for the blading throughout the various stages of 
the turbine is chosen according to its strength, 
resistance to fatigue, and to corrosion and erosion, 
to suit the conditions of temperature or wetness 
of the steam and the nature of the feed water 
where this may call for special consideration. 
Drainage arrangements are provided in accord- 


ance with standard practice in condensing 
turbines to remove as much of the water as 


possible from the final stages of the machine. 
The foregoing points are typical of the care 
taken in the design of the machines to ensure 


Fig. 3. 


Stages in machining of Impulse Blade. 
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Fig. 4,—Examination of a rotor forging by means of the boroscope. 


Fig. 5.—Rotor Overspeed Test House at the Company's Works. 


. 
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Fig. 6.—Rotor in Annealing Chamber—cover removed, 


maximum possible reliability. Similar care is 
taken throughout each stage in the manufacture of 
the machine, from the raw material to the finished 
product each part is subjected to minute 
inspection, and tests are 
applied wherever possible 
to make certain that each 
item or assembly is in 
accordance with the 
Compapy’s high stan- 
dard of requirements. 
This is reflected in the 
numerous cases which 
can be cited of machines 
which have given trouble- 
free service over very 
many years of practi- 
cally continuous opera 
tion under a wide range 
of conditions. 

By way of example, 
some of the processes to 
which a turbine rotor 
is subjected during the 
course of its progress 
through the works are 


again. 
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illustrated. Fig. 4 shows an 
internal inspection being made 
of the rough machined and 
trepanned forging by means 
of a boroscope. This enables 
the forging to be examined 
at the point where trouble is 
most likely to occur in the 
form of hair cracks or lack of 
homogeneity. All rotors are 
subjected to overspeed tests, 
at various stages in their 
manufacture, in the test pit 
shown in Fig. 5. After the 
rotor is completely bladed any 
residual internal stresses are 
removed by placing the rotor 
in an annealing chamber as 
shown in Fig. 6 and rotating 
it slowly while the tempera- 
ture is raised to a suitable 
value slowly lowered 


All rotors are very accurately balanced 


both statically and dynamically. Fig. 7 illustrates 
the dynamic balancing machine used for this pur- 


pose with a large single-cylinder rotor in position. 


Fig. 7.—Rotor in Dynamic Balancing Machine. 
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Except in undertakings that combine con- 
siderable manufacturing activities with that of 
iron and steel production, very large straight 
condensing turbines are not frequently met with 
in steelworks and even a 10,000 kW. unit may 
be considered as well above the average size. 
The unit illustrated in Fig. 8 is a_ straight 
condensing set with a maximum continuous 
rating of 7,500 kW. at 11,000 volts, 3,000 r.p.m. 
It is designed for steam at 350 lb./sq. in., 600° F. 
and a vacuum of 28.0 in. at the economic rating 
of 6,000 kW. This set was installed in 1936, a 
unit for similar operating conditions but with a 
maximum rating of 2,500 kW. having been 
installed at the same steelworks in 1935. 

In view of the considerations referred to earlier 
regarding the utilization of low-pressure steam 
from existing reciprocating engines, the majority 
of steelworks, and also collieries where recipro- 
cating steam winding engines are still widely 
used, now operate one or more mixed- pressure 
turbo sets. 

The general constructional features of a mixed- 
pressure turbine are similar to those of a straight 
condensing turbine, except that provision must 
be made for the introduction of the low-pressure 
steam at the point in the expansion corresponding 
to the pressure of the steam available. The 
principal difference between mixed-pressure tur- 
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bines and turbines with only one steam supply 
lies in the governor gear. This must be designed 
to operate in such a way that whatever quantity 
of low-pressure steam may be available shall be 
used in preference to live steam, the latter being 
used only as make-up steam when the load is in 
excess of that which can be met with low-pressure 
steam. At the same time changes from low- 
pressure to high-pressure steam or vice versa 
must be entirely automatic and must take place 
without affecting the speed of the machine. 
This is achieved by mechanically interlocking the 
low-pressure throttle valve and the high-pressure 
throttle valve and giving a mechanical bias to 
the low-pressure valve so that it will tend to open 
in preference to the high-pressure valve. Fig. 9 
shows diagrammatically the various components 
of the governor gear of a mixed-pressure turbine 
and their interaction with each other. 

The essential parts of the gear are the high- 
pressure and low-pressure throttle valves, the 
L.P. steam pressure governor and the main 
turbine governor. The function of the main 
turbine governor is exactly the same as for any 
other type of turbine, namely to control the 
position of the steam admission valves in 
accordance with the demand for load. The 
question as to whether the low-pressure or high- 
pressure throttle valve shall operate in response 


Fig. 8.—7,500 kW. straight condensing Turbo-alternator Set installed at a large Steelworks. 
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H.P. Throttle Valve. 

L.P. Throttle Valve. 

Oil Relay Cylinder. 

Oil Relay Piston. 

H.P. & L.P. Interconnecting Lever. 
L.P. Valve Spring. 

Pressure Governor. 

Main Oil Pump. 

Main Speed Governor. 

Oil Relay Valve. 

Main Governor Lever. 

Pressure Governor Floating Lever. 
Oil Pilot Valve for Steam Relay. 
L.P. Throttle Valve Spindle. 

Way Shaft for Steam Relay. 
Fulcrum for Lever G. 

Pressure Governor Relay Piston. 


to the dictates of the main governor, however, is 
decided by the L.P. steam pressure governor, 
according to the position of the low-pressure 
throttle valve and the low-pressure steam avail- 
able. Thus, if the load increases, the main 
governor calls for more steam. If low- pressure 
steam is available and the low-pressure throttle 
valve is not fully open, the L.P. valve spring 


Fig. 9.--Sectional Arrangement of Valve and Governor 
Gear for Mixed-Pressure Turbine. 


will give priority of movement to the low- pressure 
throttle valve. In the event of the low-pressure 
throttle valve being already fully open, the high 
pressure throttle valve will start to open and 
admit live steam as required. It may be 
mentioned here, however, that where the supply 
of low-pressure steam is reasonably steady, it is 
usual for the turbine to be able to meet the full 
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Fig. 10.—1,500 kW. 3,000 r.p.m. Mixed- Pressure Turbo-alternator Set 


supplied to a Steelworks. 


load with low-pressure steam alone. 

On the other hand, if the supply of low- 
pressure steam should fail for any reason, for 
example, while changing rolls in the mills, or, 
in the case of steam blowing engines, if a blast 
furnace is off-wind for a considerable length of 
time, the low-pressure steam pressure governor 
will cause the low-pressure throttle value to close, 
while at the same time the high-pressure throttle 


Fig. 11.—2,500 kW. Mixed-Pressure Turbine on. the Test Bed at the Company's Works. 
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valve will open correspond- 
ingly through the agency of 
the mechanical interlock. 

The actual arrangement of 
the main governor and mixed- 
pressure control gear can be 
seen in Figs. 10, 11 and 12. 
Fig. 10 shows a 1,500 kW., 
3,000 r.p.m. mixed- pressure 
turbo-alternator set installed 
at a steelworks in Scotland. 
Live steam is supplied at 95 
lb./sq. in. dry saturated and 
low- pressure steam is obtained 
from a reciprocating engine at 
16 lb./sq. in. absolute. 

Fig. 11 shows one of three 

= 2,500 kW.  mixed-pressure 
turbo sets supplied for an English steelworks in 
1933, 1936 and 1938 respectively. These units 
are designed for high-pressure steam at 135 Lb./sq. 
in., 460° F. and low-pressure steam at 16 Ib./sq.- 
in. absolute dry saturated, exhausting to a 
vacuum of 28.4 inches. They operate at 3,000 
r.p.m. and are direct-coupled to alternators 
generating at 3,300 volts. 

Fig. 12 shows two mixed-pressure turbo sets 
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: 


THE ENGLISH ELECTRIC JOURNAL 


Fig. 12. 


installed in one of the power houses of another 
large steelworks in this country. These units are 
each designed for an output of 1,600 kW. when 
supplied with high pressure steam at 150 Lb./sq. in. 
dry saturated or low pressure steam at 17 |b./sq. 
in. absolute. The illustration shows very clearly 
the actual layout of the governor gear shown 
diagrammatically in Fig. 9. The six-panel 
switchboard on the right at the far end of the 
machine room was also supplied by The English 
Electric Company. Two similar 1,600 kW. 
mixed-pressure turbo-sets were supplied at the 
same time as those illustrated in Fig. 12 for 


-Two 1,600 kW. Mixed-Pressure Turbo-alternator Sets in a large British Steelworks. 


another power house in the same steelworks. 

It is hoped that these notes may serve to 
emphasize the more important points to be 
taken into consideration in the choice of turbo 
plant for use in iron and steel works. In the 
steel industry the production of power is largely 
overshadowed by the many more spectacular 
processes involved, but although it may be 
regarded to some extent as a by-product of other 
processes, it nevertheless forms an indispensable 
link in the chain of production and as such calls 
for the necessary care in design and construction 
to ensure absolute and unfailing reliability. 
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or Emergency Service, 


By R. M. CHARLEY, M.C., B.Sc., M.I.E.E., Mem.A.I.E.E. 


The growing demand for transformers of an 
ever-increasing size has brought difficult problems 
in respect to transportation, but these have been 
successfully met by the transformer designers in 
collaboration with the railway and road transport 
authorities. An important factor is the necessity 
for the transformer to be delivered to site in its 
own tank and full of oil, for the reason that the 
drying out process, which is so vital, can be 


carried out more effectively and economically 
in the manufacturer’s works than at site. These 
conditions have been met in relation to even the 
largest transformers required for service in this 
units weighing 120 tons have been 
delivered to site by both rail and road transport. 

The next phase in this problem was the require- 
ment of the Central Electricity Board for a 
number of spare transformers complete with 


country ; 


Fig. 1.—20 MV A. Transportable Transformer. 
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Fig. 2. 


on-load tap-changing equipment and the usual 
type of cooling, in accordance with the Board’s 
standard specification, but arranged to give 
easier transportability and erection. Later con- 
sideration of the need for transformers which 
could be put into service in the minimum of time, 
and even in the most unusual and unpromising 
locations, resulted in the adoption of a special 
specification in which some of the standard 
features were modified in order to secure the 
maximum output coupled with transportability 
of the complete transformer by rail or road. Thus, 
on-load tap-changing equipment was omitted, and 
OFB cooling was employed, no provision being 
made for any ON rating. The largest transformer 
built to meet these conditions has an output of 
30 MVA. for service at 132 kV. The limiting 
feature in this problem has always been the 
loading gauge of the railways in this country, 
which, of course, cannot be changed, but some 


20 MV A. Transportable Transformer, showing oil coolers. 


other countries have the benefit of a larger 
loading gauge, which has permitted the building 
of a transportable transformer of 120 MVA. 
output, for service at 220 kV. 

The English Electric Company has built for the 
Central Electricity Board five 20 MVA. trans- 
formers to the above described requirements. 
The primary side is arranged for supply at 66 kV. ; 
the winding is delta connected and tappings are 
provided for plus and minus 2} per cent. and 
74 per cent. of normal voltage. These tappings 
are connected to an off-circuit tapping switch 
which is operated by a handwheel located outside 
the main cover; the handwheel can be locked, 
but only when it is in a correct operating position. 
For the output from the transformer the secondary 
winding is arranged to give supply at pressures of 
33 kV. and 22 kV., the winding being star con- 
nected ; output may be taken from both wind- 
certain proportions. 


ings simultaneously — in 
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such that no part of the winding is overloaded. 

Figs. 1 and 2 show a transformer fully assem- 
bled. Plate I illustrates how the complete unit is 
capable of transportation on several existing 
railway trucks. It either rests on the bottom of 
certain well-type rail or road vehicles or is sus- 
pended from the main girders of special railway 
trucks by means of the truck lugs which are built 
into the side bracing of the tank and embody the 
pins for crane slings. The approximate total 
weight of the transformer, including oil, is 49 tons. 
The underbase is specially designed to facilitate 
handling when off the railway truck. 

The expansion vessel is located along the centre 
line of the main cover and is shaped to fit the 
loading gauge and to give adequate clearance 
for the L.V. bushings. Although not fitted 
initially, provision is made for the mounting of 
a double-float Buchholz device in the pipe from 
the main tank to the expansion vessel. Air can 


only gain access to the expansion vessel through 
A dial-type thermometer 


a silica gel breather. 
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indicates the temperature of the hottest oil and 
a thermostat with alarm contacts is fitted. 

The core and windings is of the three-phase 
three-limb core type construction. Fig. 3 shows 
the core and windings of a 20 MVA. transformer, 
which is very similar to the units under con- 
sideration. 

The H.YV. or 66 kV. bushings are of the oil-filled 
condenser type and are mounted in pockets at 
the end of the tank. The design is such that if 
the porcelain shroud has to be replaced the 
operation may be carried out without removing 
the bushing and without drawing off any oil 
from the tank. The L.V., ie., the 33 kV. and 
22 kV. bushings, are of the oil-filled porcelain 
type and are mounted along one side of the main 
cover. 

Cooling is of the OFB type and is achieved by 
a special design of cooler, comprising a number of 
finned tube elements mounted between headers 
which are rigidly fixed and machined so that all 
elements are easily interchanged. The hot oil 

from the main tank is forced 
downwards through the cool- 
ing elements by means of a 
glandless type pump, driven 
by a three-phase squirrel-cage 
oil-immersed motor and the 
elements are cooled by air 
‘which is drawn upwards by a 
motor-driven propeller type 
fan. The cooler may be iso- 
lated from the main tank by 
means of valves in the main 
oil pipes, and a valve is pro- 
vided so that the cooler can 
be drained. Two complete 
coolers are mounted side by 
side, each being independent 
of the other, and the trans- 
former can carry partial load 
with one cooler only in service. 

The supply for the motors is 
obtained from the secondary 
side of the 30 kVA. auxiliary 
transformer, which is mounted 
on the underbase below the 


Fig. 3.—Core and Winding of a 20 MVA., Transformer similar to the 


units shown in Figs. 1 and 2. 
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from the 22 kV. winding to which it is solidly 
connected. The 400-volt three-phase secondary 
winding is taken to a distribution fuse box in 
which there are fuse circuits for the motors, and 
one additional three-phase way and two 230-volt 
single-phase lighting ways. This auxiliary trans- 
former is contained in a plain tank, which is piped 
up to the main expansion vessel, and provision is 
made for fitting a single-float Buchholz device. 

When the main transformer is being con- 
nected to a line temporarily in an emergency, it is 
essential that no undue strain shall be imposed 
on the bushings, hence spreader booms provided 
with post insulators are mounted on the main 
tank, the post insulators thus taking the strain, 
the connections to the bushings being quite short. 
For the L.V. connections single-core cable boxes 
may be supported on the boom in place of the 
post insulators. 

The Company has also supplied to the Central 
Electricity Board a 10 MVA. transformer, which is 
Scott-connected to take supply at 33 kV. three- 
phase, the output being at 2.25 kV. two-phase. 
Plate II shows the general arrangement of this 
transformer and illustrates how it is designed to 
meet the loading gauge limitations when loaded 
on various railway trucks. Its total weight, 
including oil, is approximately 39.5 tons. 
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Cooling is of the ON type only and the necessary 
radiating surface is provided by four rows of 
elliptical tubes located along the long sides of the 
tank with groups of detachable radiators mounted 
at each end. These radiators are coupled to the 
main tank through valves so that any radiator 
may be replaced without draining any oil from 
the main tank. 

It will be appreciated that the possible emer- 
gency requirements of the whole country as 
regards capacity of transformer and voltage ratio 
suggested a large number of different 
designs ; this number was reduced to a minimum 


very 


by arranging the windings in some cases to be 
suitable for more than one voltage. The 20 MVA. 
transformer described above is an example of this 
practice. In view of the special application of 
these transformers it was very desirable that 
there should be the greatest measure of inter- 
changeability of parts such as bushings and 
coolers. The various transformer manufacturers 
collaborated with the makers of such parts with 
the most satisfactory result that standard 
bushings and cooling equipment were developed 
for common application, and a uniform general 
arrangement of the complete transformer was 


adopted. 


Arc Suppression Coils. 
By W. E. MILTON AYRES, M.I1E.E., Mem.A.1.E.E. 


The use of are suppression coils for the earthing 
of the neutral on high-voltage overhead trans- 
mission systems has grown very considerably in 
this country during the last few years, and the 
experience gained has shown consistently that 
their adoption is justified by a reduction in the 
number of supply interruptions due to line-to- 
earth faults. Transient line-to-earth faults, due 
to lightning or switching surges, are cleared imme- 
diately, and arcing grounds, due to birds, green 
twigs, etc., cause no disturbance. Broken binding 
wires have allowed a live line to rest on tower 
cross arms, and cable cores have short-circuited to 
earth for hours without consumers being aware 


that anything has happened. The English 
Electric Company have installed a considerable 
number of these coils throughout Great Britain 
and also abroad. 

PRINCIPLES OF ARC SUPPRESSION COIL. 

The fundamental theory of the are suppression 
coil has often been stated and so will only be 
summarised here. Fig. 1 shows what takes place 
when a line-to-earth fault occurs under different 
conditions of working with an 11 kV. trans- 
mission network supplying 10,000 kVA. over about 
200 miles of line, including an average proportion 
of cable. In cases ‘a’ and “ b” each line-to- 
earth fault results in a trip-out of at least some 
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3500 AMPERES 


a. SOLIOLY EARTHED 


b. EARTHED THROUGH 
RESISTANCE 


40 AMPERES 


c. ISOLATED NEUTRAL. d. EARTHED THROUGH 


SUPPRESSION CoiL 


Fig. 1.--Fault Current with different methods of earthing. 
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Fig. 4.— Showing Residual Current 1, traversing in fault. 


TUNED 
REACTANCE SBS AMPERES 


Transmission Line in healthy state. 


Transmission Line with earth fault on B phase. 


THE ENGLISH ELECTRIC JOURNAL 


portion of the system. Case ‘ c”’ passes 
sufficient current to cause detrimental 
burning and, in addition, allows a ‘* build- 
up” of voltage, so that, when the arc is 
extinguished whilst passing through zero 
current, the restricting voltage is suffi- 
cient to re-form an arc. Only in case 
“d” isthe are really suppressed. 

In the above illustration the current 
through the fault to earth in case “c” 
is the charging current due to capacity 
between lines and ground. Fig. 2 shows 
diagrammatically a three-phase trans- 
former and transmission line in a healthy 

state. The capacity currents of 

ly Y the three lines Ir + Iy + Ib = 
O, and there is no earth current 

flowing back to the system 

Ip through the are suppression coil 

Ir *X.” There is, therefore, no 
voltage across this coil, and the 
neutral of the system is at earth 
potential. If, however, an earth 
fault occurs, say, on phase B, the 
conditions become as represented 
in Fig. 3. It will be seen that 
phases R and Y are raised to line 
potential above earth. There is 
no capacity current Ib as the B 
phase is earthed, and the two 
sound phases have their capacity 
currents increased , 3. times, 
which is proportionate to the 
increased voltage above earth. 
The vector addition of these 
capacity currents is no longer 
equal to zero, but has a value 
equal to three times the capacity 
current of one phase when the system is healthy. 
The are suppression coil is designed to such an 
inductance that this value of current corresponds 
to phase to neutral voltage. The vectors 
in Fig. 3 show that the capacity current Iy +r 
and the reactive current Ix are equal and oppo- 
site. Under theoretical conditions, therefore, 
there would be no current in the fault and no 
are could be maintained. Actually, such ideal 
conditions never occur. The capacity currents 
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are not exactly at zero leading power factor, due 
to various dielectric, corona, and leakage losses, 
which form a small watt component. Similarly, 
the are suppression coil has a loss component 
representing the iron losses and C’R. Fig. 4 shows 
the addition of these two currents combining to 
form the residual I; which is the current actually 
flowing in the fault. One of the methods of tuning 
these coils in service is to insert an ammeter in an 
earth fault connection and select the coil tapping 
which gives a minimum residual current I,. This 
fault current is further increased by any higher 
harmonic components in the charging current, as 
these obviously cannot be compensated by a 
circuit which is resonant to the fundamental 
frequency. Actual tests on 11 kV. and 33 kV. 
systems have shown a fault current of less than 
16 per cent. of the corresponding capacity cur- 
rents, a value insufficient to maintain an are or 
cause damage by burning. 

The shaded areas in Fig. 3 show the current 
distribution in earth and along the feeders under 
fault conditions, and from this two things are 
obvious. First, there is no sudden change in the 
earth current and, consequently, no 
ground potentials possible. Secondly, the opera- 
tion of the coil is quite independent of the position 
of the fault, i.e., whether near to, or far from, the 
application of the are suppressor coil, provided 
that the line is not so long that the equivalent 
lumped capacity is appreciably different from 
distributed capacity. 

EQUIPMENT. 

The are suppression coil comprises a single- 
phase reactor of special design with an off-load 
tapping switch to select the most suitable value 
according to the length of line in service. Each 
coil is provided with an auxiliary potential coil 
to supply 110 volts, for alarm or relay circuits, 
when a system fault occurs which impresses 
phase to neutral voltage across the main winding. 
In addition, a current transformer is inserted 
in the earth lead, and the secondary of this 
operates a recording ammeter which then pro- 
vides a graphical record of such faults as may 
oceur. 


severe 


Fig. 5 illustrates a typical arc suppression 
coil installation on a 33 kV. system, and Fig. 6 
shows the internal construction of an 11 kV. coil. 
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An indicating panel is usually supplied on 
which is mounted the recording ammeter, alarm 
bell, fault indicating lamp, cancellation switches 
and necessary fuses. 

If located at an attended substation it is usual 
for the panel to be mounted indoors, but it may 
be housed in a weatherproof casing (Fig. 7), where 
more suitable, and _ particularly where the 
switching substation is a little remote from the 
coil installation. If the distance is not great the 
alarm may be situated in the substation and con- 
nected by pilot wire to the indicating panel. 

There are a number of instances where the best 
point of application for the coil is at an unattended 
substation and the provision of alarm devices 
at such a site would be useless. It is desirable. 
however, that remote indication should be given 
to a district operating engineer. As the district 
engineer's headquarters are almost invariably 
close to some point on the E.H.T. system, this 
remote indication and alarm can easily be 
arranged by means of a special potential trans- 
former as shown diagrammatically in Fig. 8. 


Fig. 5. 360 kVA. Are Suppression Coil on 33 kV. system 
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Fig. 6.—Are Suppression Coil out of tank. 


Fig. 7.—Indicating and Recording Panel in weatherproof 
housing. 
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Under these circumstances the recording ammeter 
is replaced by a recording voltmeter to provide 
a chart of line conditions. 

When all lines are healthy there is zero, or 
negligible, voltage across the are suppression 
coil and the neutral of the system is substantially 
at earth potential. If, however, a fault has 
developed in the coil this would result in faulty 
operation. For indicating such faults coils are 
provided with a Buchholz device. 

It has been pointed out that most coils are 
provided with an off-load tapping switch for 
tuning purposes, and that this should be operated 
to bring the reactance equivalent to the line 
capacitance, with the amount of line in service, 
so that » L = a 

wo C 
occurring at the moment of tap changing are 
perhaps very remote. Nevertheless, it is bad 
practice to take such risks, as the consequences 
may be serious, and it is universal to have some 
method of short-circuiting the coil during tap 
changing. In its simplest and most usual form 
this is merely an air-break, pole-operated, isolator 
switch mounted on the transformer or coil tank. 

Some systems are so extensive and intercon- 
nected that the location of a fault may be a 
difficult and lengthy process unless some form 
of directional indication is adopted. <A sensitive 
relay system has been developed which correctly 
indicates the direction of a fault and has been 
applied with success even where several coils 
are operating in parallel at different points on a 
common system. From Figs. 3 and.4 it is seen 
that the residual current, which is the actual 
current flowing in the faults to earth, has a watt 
component in phase with the are suppression coil 
voltage. This watt component must be supplied 
from the power source. If, therefore, a sensitive 
wattmeter relay has its voltage coil connected 
to the 110-volt auxiliary winding on the coil, and 
its current coils connected to the secondary spill- 
over of three current transformers in the line 
circuit, we have means of indicating the direction 
of power flow to the fault. The relay is arranged 
with only one direction of movement and is so 
connected that fault current through the relay 
from the power source to the fault will trip an 
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indicating mechanism. Fig. 9 illustrates a system 
with one power source and interconnected feeders. 
At each junction there is a relay for every branch 
minus one. Suppose a fault to earth occurs on 
the inner ring main at “ Z,”’ the relays A, G and 
H will operate. As A operates but not B, it is 
known that the fault is along the branch without 
arelay. Gand H operate, but not F. We know, 
therefore, that the fault is along the feeder 
between H and AB, and patrol is much reduced 
by localising the fault in this manner. Where 
such relays are installed at junctions away from 
the coil the voltage must be obtained from a 
special potential transformer as used for remote 
alarm (Fig. 8). 

Sometimes a loop line is fed from both ends. 
For instance, a 33 kV. loop with two supply 
sources feeds a number of Il kV. subsidiary 
systems. If only one are suppression coil is used, 
at one of the feeding points, and a fault occurs 
(not necessarily a_ line-to-earth fault) which 
necessitates tripping out a section of the loop, 
then that portion of the system which is left in 
service and has no are suppression coil will 
operate as an unearthed system. Either two 
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Fig. 8.-Remote Indication and Alarm circuit diagram. 
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coils must be installed, one at each feeding point, 
or provision must be made for temporary earthing 
of the other neutral. If two coils are used, they 
are usually each designed for about two-thirds 
of the total line capacity. 
ConTINUOUS OR SHortT-TimE RatIna. 

Many are suppression coils are rated for con- 
tinuous service, and if a prolonged earth fault 
occurs they are allowed to carry the earth current 
until such time as is convenient to switch out and 
repair the faulty line. Cases have been known 
where systems have been left in satisfactory 
service for 16 to 20 hours with a dead earth on 
one phase. Due to the small residual which 
flows through the fault no damage has_ been 
done by burning, and faults which would have 
shut down important sections of a system, if 
unprotected by the are suppression coil, have 
caused no interruption of supply and proved 
harmless. 

In general, it may be said that, provided tele- 
phone interference is not anticipated, an overhead 
radial system should have a continuously rated 
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Fig. 9.— Fault Indication by directional relays. 
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FAULT FAULT. 
(a) (b) 
Fig. 10.—-Simplified Equivalent circuit 

(a) Neglecting losses. (b) Including losses. 

coil. Where ring mains, or duplicate lines, are 


used and it is possible to isolate the defective 
section without interruption of supply, it is 
perhaps advisable to install a short-time rated 
coil with an automatic short-circuiting switch 
having a suitable time delay to prevent operation 
on transitory faults, then allow the existing dis- 
criminating protective gear to clear the faulty 
section. 

With underground cable systems different con- 
ditions apply. The are suppression coil is not 
less applicable. In fact, it would appear to be 
more necessary, with the exceptional considera- 
tion that outages on cable systems are less 
frequent due to the fact. that cable systems are 
not so prone to lightning disturbances, and are 
free from salt deposit, bird and kindred troubles. 
On the other hand, with grounded neutral systems, 
the original earth fault almost always spreads to 
adjacent cores due to burning of the insulation, 
and appreciable lengths of cable are ruined. 
With an are suppression coil the fault current is 
so limited that destruction of cable lengths does 
not occur; nevertheless, if this current is pro- 
longed for hours there is a danger of tracking and 
a possibility of the fault spreading. Predominantly, 
cable systems should have a short-time rated coil 
with means for isolation. 

Another reason for isolating a faulty section is 
the possibility of a simultaneous fault occurring 
on another phase, thereby causing a phase-to- 
phase fault which cannot be protected by the coil. 
If alternative supply is available without inter- 
ruption then the existing protective system 
should be used to isolate the faulty portion, and 
the coil restored to service only when such trip- 
ping has been effected. 

The Company has supplied coils both with and 
without short-circuiting switches, the proportion 
being roughly 50 per cent. of each. For small and 
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medium size coils there is little saving 
in cost when designed for short-time 
rating, whilst the provision of automatic, 
time-delay operated, closing switches 
enhances the cost very seriously. On 
larger coils there is more saving in cost, 
but the time rating should not be unduly 
cut as the coils may be subjected to 25 
per cent. normal current over long periods due 
to line asymmetry, and should be able to carry 
this load continuously. 


RECOVERY VOLTAGE. 

It is too frequently assumed that the are 
extinction property of these neutral earthing 
coils is due to the very much reduced current 
at the point of fault, as illustrated in Fig. 1. 
Although this feature is of considerable import- 
ance, it is by no means the most important, or 
most interesting, contribution to the desired 
result. The coil circuit is essentially a single- 
phase network and may be represented as in 
Fig. 10, where C represents the lumped capacities 
of the three lines, L the coil reactance, and R the 
equivalent resistance corresponding to the total 
loss. When a fault occurs, a voltage E,), Sin 
2xft. is impressed across the capacity and 
reactance. Neglecting resistance (Fig. 14a) and 
when in resonant tune, the currents in C and L 
are equal and opposite, and there will be no 
current through the fault after conditions have 
once become stable. Under these conditions the 
fault may be opened without breaking any current 
and there is no effect on the circuit behaviour. 
The circuit continues oscillating indefinitely at 
the same current value and with the same voltage 
across L. There is, therefore, no voltage across 
the fault. 

When, however, we include the losses (Fig. 10b), 
we find that the voltage across the RLC branch is 


E, = Ey, Sin 2 x ft. 


4 
which is an exponential decaying value and may 
take many cycles to reduce to negligible amount, 
depending upon the value of R. The voltage 
across the fault is the difference between E,,, and 
E,,. and is the restriking voltage to re-form the 
are after its extinction at zero current. 
senting this recovery voltage by E,, then 
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(a) 


E ph 
= 19000 
RMS. 
“40 “10 SECOND 


1 “20 “30 
+ + + + + - + 
10 20 25 30 35 
(b.) E 
= 19000 
RMS 
Fig. 11.—-Exponential growth of recovery voltage across fault after are extinction at zero current. 


(a) R=2.65% Losses. Voltage at first } cycle= 390. 


E,= E,,- E,=([Epp Sin 2 = ft.) -[E,,¢ Sin2 x ft] 

- ~U2RC) Sin 2 x ft. 
This exponential decay of the coil voltage and 
rise of recovery voltage is the principal reason for 


ph 


are extinction. Fig. 11 shows the voltage rise 
across the arcing fault for two different values of 
R when the coil is in resonance. When the coil 
is out of tune the conditions are rather different 
owing to the fact that when the are is extin- 
guished at zero current, the RLC branch will 
oscillate at its natural frequency and the recovery 
voltage will be the difference between E,,, at line 
frequency and the decaying oscillations at another 
frequency. <A beat effect, or heterodyne, is, 
therefore, introduced. 

Obviously, from theoretical considerations and 
assuming a linear characteristic (constant react- 
ance value on all currents) for the coil, it would 
be possible to get twice phase voltage across the 
fault when the two voltages were in opposition 
and a line voltage to earth of 1°53 times normal 
line-to-line voltage. Due to the saturation of the 
iron in the reactor and the low working value of R 


(b) R=10% Losses. Voltage at first } cycle= 1420. 


such a condition cannot arise with correct design, 
but the possibility must be taken into account 
and are suppression coils should only be ordered 
from manufacturers having the necessary experi- 
ence and technical resources. Fig. 12 reproduces 
an actual cathode-ray oscillograph record taken 
on a 33 kV. system with two 19-ampere coils in 
parallel. In this test the maximum gauge of fuse 
wire which could be blown by the fault current 
was connected across an 8 in. gap in a vertical 
(worst) position. The line was then closed on to 
this artificial earth fault, and the fuse was blown 
without the slightest suspicion of any are main- 
tenance. To make conditions worse, the coil was 
deliberately adjusted 20 per cent. out of tune. 
The upper trace gives the line to earth voltage of 
one of the healthy lines and shows very clearly 
the application of the fault at the moment of 
voltage passing through zero. Although this 
is the position of maximum rate of change in 
voltage, the voltage overshoot when jumping 
from phase to line voltage is very slight. The are 
is extinguished at the first zero current and voltage 


Fig. 12.—-Cathode Ray record of fuse wire test and voltage recovery. 
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a 4 per cent. capacity asymmetry 
or *25 E,,, for each | per cent. 

asymmetry. 
tial a, The above argument shows the 
J desirability of line transposition 
E ph and balancing of any single phase 
fA Va spurs amongst the three phases. 
16 ; However carefully a system may 
ri be balanced there is always the 
12 Pa possibility, the almost certainty, 
F 4 that in switching operations all 
8 Y, three phases will not function 
Va r simultaneously, and this may, as 
a limit, amount to a 33) per cent. 
Va asymmetry with consequent ex- 
a4 1 | cessive voltage rise. Fortunate- 
20 30 40 79 30 700 ly, these excessive voltages can 
7 ae be avoided by correct design of 
Fig. 13.—Are suppression coil characteristic curve. coil which takes adequate advan- 


recovery proceeds normally with the heterodyne 
beat previously referred to. The centre trace gives 
the voltage across the coil, and it is seen that some 
30 cycles are required for complete voltage decay. 
The lower trace gives the current through the coil. 
ASYMMETRY VOLTAGE. 

No transmission system has absolutely equal 
values for the capacity of each ot the three phases 
to ground. Cables, particularly the screened 
core types, have a very close approximation, 
whereas untransposed overhead lines may have 
some 13 per cent. difference between the highest 
and lowest capacities to earth. In_ practice, 
therefore, the sum of the capacity currents 
I, Iy*1, is not equal to O, and an asymmetry 
current will flow through earth and via the arc 
suppression coil to the transformer winding. This 
asymmetry current sets up a voltage in the coil 
which will tend to set the RLC circuit (Fig. 10b) 
oscillating. If the coil reactance were constant, 
i.e., the volts to current ratio a linear function, 
then the amplitude of the oscillation would only 
be limited by the value of R when the coil is 


accurately tuned, and with R = ‘04 


per cent. total losses when compared with coil 
kVA, the amplitude would amount to E,,, with 


, or 4 


tage of the saturation character- 
istics in the iron circuit. Fig. 13 is taken from 
the actual test figures on one tapping of a 1,330 
kVA. are suppression coil installed on a 33 kV. 
system. The asymmetry current due to differ- 
ence in line capacities was 1°7 amperes, which is 
4 per cent. of the coil current on the 42-ampere 
tapping. The loss component of the RLC circuit 
will also be closely 4 per cent., but owing to the 
curvature of the characteristic curve, Fig. 13, full 
E,, voltage on the coil is not obtained. The 
anticipated coil current and voltage due to 
asymmetry may be figured out as follows :— 


19,000 1 
wL at full voltage = = 453 ohms = 7 
890 
wL, at 17 amps. (from curve) = a 524 ohms, 
Difference oL, - 71 ohms, 
w C 
Oscillating current I, = = 12°5 amperes. 


Coil oscillating voltage E,-12°5 x 524- 6,550 volts. 


There is also a simple graphical manner of 
ascertaining the effect of asymmetry from the 
characteristic curve. For instance, on Fig. 13, 


tan a = = wL = —, is con- 
C 


and as 
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stant, representing the capacitative admittance 
of the line, any line at angle « to the base will 
intersect the curve at resonant point for such 
conditions. Measure off 1-7 amperes to the left 
representing the asymmetry current, alternatively 
take the 890-volt point on the ordinate, and from 
this chosen point draw line AB parallel to OX. 
It is found that this line intersects the curve at 
12°5 amperes 6,550 volts as above calculated. 

To find the maximum over-voltage due to 
switching asymmetry, and taking the limit value 
of 333 per cent., i.e., the whole line being switched 
with one contact lagging, measure *”% = 14 
amperes to the right and draw A?! B! parallel 
to OX. The point B! gives the maximum attain- 
able voltage, in steady state, with such asymmetry 
and we see that this is only 25 per cent. increased 
voltage on the coil. 

When considering the recovery voltage we 
showed that with an oscillating system the 
changes from one steady state to another steady 
state take place comparatively slowly according 
to the exponential function : 

When the lines are healthy the values of R 
become very high and the rate of change, there- 
fore, very slow. Experience has shown examples 
of line asymmetry introduced by the blowing of a 
fuse on one phase of a spur where it has taken 
8 to 10 minutes for steady state to be reached. 
It was, in fact, the exponential nature of this 
current change,as shown by the recording ammeter, 
which suggested the possible source of the trouble 
and led to its discovery. Other instances have 
occurred where, after tap changing, with a high 
asymmetry current, it has taken some 5 to 6 
minutes to settle down to the new conditions. 
High voltage due to asymmetry whilst switching, 
is not, therefore, likely to happen as the difference 
between timing of contacts must be very short. 


CONCLUSIONS. 
Considerable numbers of coils are installed 
giving satisfactory service and _ contributing 


largely to continuity of supply. 


Fig. 14. 


1330 kVA. 
circuiting switch on a 33kV. C.E.B, Network. 


Are Suppression Coil and short- 


Existing protective gear may be used for 
isolating a faulty section of line, or indicating 
relays may be used to localise the fault. 

Local or remote warning of fault may equally 
easily be applied. 

The are extinction properties are mainly due 
to the slow rate of voltage change in an oscillating 
system and losses should be kept low to assist 
this function. 

With suitably applied coils there is no danger 
of detrimental over voltages. The characteristic 
volt/ampere curve of the coil is of very great 
importance in preventing such over voltages. 
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Woven-Glass Insulation for Electrical Windings. 


By C. D. JAMIESON, A.M.I.E.E.—Chief Insulation Engineer. 


For some considerable time the Company have 
been investigating the possibilities of woven-glass 
fibre insulation for electrical machines of Class B 
rating, and have made considerable progress in 
developing this material on practical lines. 

There are two types of woven-glass material, 
one designated Staple fibre in which the 
fibres themselves are 4 in. to 15 in. long and 
approximately -00025 in. in diameter ; the other 
is known as Continuous fibre, and as its name 
suggests, the fibres are continuous 
lengths. This latter material when spun and 
woven is much more satisfactory for electrical 
work than the Staple fibre as it is considerably 
stronger mechanically and presents a smoother 
finish and better appearance. 

To illustrate how finely this material is drawn, 
it is of interest to note that a glass marble } in. in 
diameter and weighing approximately one-third 


drawn in 


Fig. 1.—Mush-wound glass-insulated 5 h.p. Motor, after operating for 


two months at 200°C, 


of an ounce when melted in a specially con- 
structed furnace and drawn through a die, 
produces a fibre ‘0002 in. diameter of over 100 
miles in length. These fibres are then spun into 
threads, the number of fibres varying with the 
required diameter of the thread produced. The 
threads are then woven into tape, cloth and 
sleeving, the cloth and tape being made in 
thicknesses of ‘003 in. and upwards. This 
material when treated with a suitable im- 
pregnating varnish can be used for high tempera- 
ture working. The combination of glass and 
impregnating varnish is resistant to moisture, 
acids and alkalis, whilst the tensile strength is 
tar above that of asbestos particularly at high 
temperatures. 

Whilst glass in sheet form has a very high 
dielectric strength, it must be appreciated that 
when reference is made to woven-glass material, 
the dielectric strength is not truly 
comparable, as when woven materials 
are subjected to test between elec- 
trodes, the glass itself is not actually 
tested but only the air spaces, which 
exist between the weft and warp 


threads in both woven cloths and 
tapes. Therefore the dielectric 
strength of the woven material 
depends entirely on the varnish 


which is employed to fill in these 
air spaces, and is therefore similar 
to woven silk and cotton materials 
which are varnished in a like 
manner. 

Having obtained this woven glass 
which it was known was practically 
unaffected by temperatures up to 
400° C., the next step was to find a 
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varnish which the Company could either develop 
or obtain from outside sources, which would be 
unaffected by similar temperatures. After 
extensive research the Company have developed 
a thermal setting synthetic varnish which dries by 
heat only and not by oxidation. This varnish 
has been used extensively and found eminently 
suitable for use in conjunction with glass tape 
operating at temperatures approximating 300° C. 
which is considerably higher than is practicable 
under service conditions. 

Having briefly outlined the initial problems 
which had to be investigated the following facts 
will be of general interest :— 


TENSILE STRENGTH. 


Comparative tensile tests on woven-glass tape 
10 mils. thick and 1 in. wide and asbestos woven 
tape—the only comparable Class B material— 
show the following approximate breaking strength 
in pounds, at the temperatures indicated :— 


20°C. 100° C. 200° C. 300° C. 
Continuous Glass Fibre 
Tape... ae ... 480 490 490 450 
Asbestos Woven Tape ... 25 25 20 15 


The test indicates a very much higher tensile 
strength for glass tape compared with asbestos 
and this allows for a much more intimate applica- 
tion of this material due to its higher tensile 
strength. 
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Fig. 2.—-Multi-turn traction-motor armature coil, 


glass taped overall, 


ELEectTRIC STRENGTH. 


Glass materials compared with similar asbestos 
materials both impregnated and unimpregnated 
have a much higher electric strength and insula- 


Fig. 3.—Type EE517 glass-insulated traction-motor armature, after temporary banding and dip soldering. 
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Fig. 4.—-Upper illustration : 


tion resistance. Typical figures obtained are :— 


Breakdown 
Breakdown stress 
voltage. volts/mil. 
Untreated Glass Tape 5 mils. 
thick... 700 140 
Untreated Asbestos Tape 10 mils. (Too leaky to give 
thick. definite breakdown.) 
Varnish-treated Glass Fibre 
Tape 10 mils. thick : 7,000 700 
Varnish-treated Asbestos Tape 
15 mils. thick 3,000 200 


INSULATION RESISTANCE (MEGOHMS) OF 
1 INCH SQUARE OF TAPE. 
Days at 90% relative humidity 


and 20° C, 
0 l 2 7 14 
Varnish-treated Glass 
Fibre Tape ... — Infinity 15 15 
Varnish-treated Asbestos 
Tape 2°5 35 “05 ‘07 


These results coupled with the high values of 
tensile strength make it possible to substitute 
5 mils. woven-glass tape for 10 mils. woven-asbestos 


Trolley bus motor field coil before_insulating. 
Lower illustration ; The same coil after insulating. 


tape. Thus more _ active 
material can be employed in 
a given machine and the out- 
put increased without a cor- 
responding increase in frame 
size. 

Having determined the 
above properties, and found 
the suitable impregnating 
varnish, the next practical 
step was the construction 
of two mush-wound 5-H.P. 
induction motors using double 
glass-covering on the wire 
of the stator conductors, mica 
and glass cloth slot insula- 
tion, mica insulation between 
the coil sides, and glass tapes 
and sleevings for bracing the 
overhangs. These machines 
were operated under extreme 
conditions for a considerable 
two 
months at an operating tem- 
perature of 230° C., followed 
by another long period at a 
temperature of 60° C. but with 
relative humidity conditions 
at 90 per cent. During the whole of this period 
the rotors were thrown considerably out of 
balance in order to produce mechanical vibration. 
These machines were opened up periodically for 
examination of the windings and no sign of 
deterioration was found. The windings were 
impregnated with the thermal setting synthetic 
varnish previously referred to, and Fig. 1 clearly 
indicates the perfect condition of the windings 
after two months’ operation. 

Conjointly with the above experiment the 
Company constructed several trolley bus and 
railway motors which represent the most severe 
conditions under which machines are likely to 
have to operate. These machines were com- 
pletely insulated with woven-glass materials 
combined with mica and were found to operate 
very satisfactorily both at home and abroad. In 
view of this experience all the Company’s latest 


period, being run for 
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works motor. 


trolley bus motors are glass insulated, the shunt 
windings of the compound field coils are wound 
with double glass-covered wire, the mica insu- 
lation being reinforced with woven-glass tapes 
and cloth. The armature coils are taped through- 


Fig. 6.—-Armature of steelworks’ motor with coils 
insulated with glass tape. 


tlass-tape insulated compensating winding of a  steel- 
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out with woven-glass tape as shown in 
Fig. 2. 

For a contract comprising sixteen 
type EE517 railway motors in course 
of construction for a British Railway 
Company, the motors incorporate all- 
glass and mica insulation. Fig. 3 
shows an armature, similar to those 
used for this contract, after temporary 
banding and dip-soldering. This view 
is more illustrative than a view 
showing a completely finished arma- 
ture with heating applied, as when all 
the windings are completely enclosed 
it is difficult to see the glass insula- 
tion itself. 

Fig. 4 illustrates a trolley bus motor 
field coil before and after insulating. 
The coils were wound with glass- 
covered Wire and finished overall with glass tape. 

Six new designs of machines have been devel- 
oped in connection with special Diesel-electric 
equipment. These machines include the types 
EE602 and EE603 railway motors, types EE804 


Fig. 7.—Completed Rotor End-Winding of a 3,000 r.p.m. 
turbo-alternator. 
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Fig. 8.—33 kV. Turbo-alternator stator incorporating glass insulation in the end windings. 


and EE805 generators and the types EE900 
and EE902 exciters. In all these, glass insula- 
tion has been used throughout, including the 
insulation under the wire bands which has been 
reinforced with woven-glass material. 

Large quantities of woven-glass materials are 
also used in conjunction with mica for the 
insulating of steelworks’ motors and generators 
and for Class B rated machines for marine service. 
Fig. 5 shows the compensating windings of a 
steelworks’ motor which are glass insulated 
whilst Fig. 6 shows a glass and mica-insulated 
steelworks’ motor armature. 

The Company have extended the use oi woven- 
glass tape to their 3,000-R.P.M. turbo-alternator 


rotors. The increased tensile strength of the 
glass tape makes it possible to obtain a much 
more intimate contact between the insulation 
and the windings which results in a very neat 
finish as will be seen from Fig. 7. As regards high 
voltage applications, Fig. 8 shows the end 
winding of a 33-kV. 30,000-kW. turbo-alternator 
stator with glass insulation. 

On the industrial side a large number of type 
CA. 92 motors are in course of manufacture, the 
armatures of which incorporate no cotton or 
asbestos. The field coils are insulated with 
asbestos-covered wire, and the outer insulation 
is glass tape used in conjunction with mica. 
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The ABMTM™ group of machine-tool 
makers covers the whole field of machine- 
tool building, giving the engineer at 
home and abroad a unique manufac- 
turing and sales service. 
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James Archdale & Co., Ltd., Birmingham. 
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John Lang & Sons Ltd., Johnston, 
Glasgow. 
BORING MACHINES and BORING MILLS. 
George Richards & Co., Ltd., Manchester. 
GEAR CUTTING MACHINES. 
J. Parkinson & Sons, Shipley, Yorks. 
GRINDING MACHINES. 
The Churchill Machine Tool Co., Ltd., 
Manchester. 
CAPSTAN and TURRET LATHES. 
H. W. Ward & Co., Ltd., Birmingham. 
PLANERS, SHAPERS and SLOTTERS. 
The Butler Machine Tool Co., Ltd., 
Halifax. 
bee and PLANO MILLERS, SCREW- 
MACHINES and BROACHING 
MACHINES. 


Kendall & Gent (1920) Ltd., Manchester. 
MILLING MACHINES. 

J. Parkinson & Son, Shipley, Yorks. 

James Archdale & Co., Ltd., Birmingham. 
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